Objective: To determine the usefulness of parathyroid hormone (PTH) measurement in needle aspirates of a suspicious neck mass to confirm its parathyroid nature in patients with primary hyperparathyroidism. Methods: Thirty-three patients with surgically proved primary hyperparathyroidism were submitted to neck ultrasound (US), parathyroid scintigraphy, and assay of PTH in the aspirate (PTHa) of the suspicious cervical mass. Results: Based on the results of neck US and parathyroid scintigraphy, patients were divided into two groups. Group 1: 16 patients (seven with nodular goiter) with concordant positive US and scintigraphic results. In all but one patient, PTHa was detectable and often markedly elevated (>1000 pg in 12 patients, between 292 pg and 803 pg in three patients and 53 pg in one patient). The patient with undetectable PTHa had a small lower left parathyroid adenoma (8×8×10 mm). Group 2: 17 patients (12 with nodular goiter) with discordant US and scintigraphic results. PTHa established the parathyroid nature of the mass in 13 cases (>1000 pg in 8 patients, between 501 pg and 953 pg in three patients and 90 and 79 pg in two patients): 11 of these had a suspected lesion by US examination but the scintigraphy results were negative; two had a mass that gave positive scintigraphy results but was of uncertain origin according to US; in both cases an intrathyroidal parathyroid adenoma was found. PTHa was undetectable in four cases (three with nodular goiter): all of these had equivocal US results, and three had positive scans and one a negative scan. Conclusions: Assay of PTHa is a simple method and should be useful for confirming the parathyroid nature of a cervical mass in patients with discordant or non-diagnostic US and scintigraphic results.
Introduction
Primary hyperparathyroidism is a frequently diagnosed disease at the present time, particularly because of the routine measurement of serum calcium by multichannel serum analyser, by which many cases of asymptomatic or mildly symptomatic cases of hypercalcemia are discovered (1) . A certain number of these patients require surgical treatment (1) . There is considerable controversy about the indication for preoperative localization studies in primary neck exploration (2) . Such studies are commonly regarded as unnecessary when parathyroid surgery is performed by an experienced surgeon, since a 90-95% success rate has been reported in several series of patients undergoing initial surgical exploration (3) . Although controversial, it has been suggested that preoperative localization in patients who have not undergone previous neck exploration can decrease operation time and morbidity, because only one side of the neck can be explored (see ref (4) for a review). Moreover, a positive preoperative localization investigation may give the patient increased confidence about the success of the operation and improve the success rate of lessexperienced surgeons (4) (5) (6) . However, all investigators agree on the value of non-invasive and in some cases invasive techniques for patients with persistent or recurrent hyperparathyroidism after surgery (1, 4, 6) .
One of the problems that reduces the value of noninvasive localizing studies is the significant incidence (15-20%) of false-positive results because of the difficulty of distinguishing the enlarged parathyroid gland from other cervical masses (4) . This problem occurs particularly frequently when patients with hyperparathyroidism associated with nodular goiter are being evaluated (7), which is almost always the case in countries such as Italy and in Eastern Europe, where the prevalence of nodular goiter is extremely high because of iodine deficiency (8) . In such cases confirmation of the parathyroid origin of a suspicious lesion could be obtained by measuring parathyroid hormone (PTH) in the needle aspirate (PTHa) of the nodule (9) (10) (11) .
In the present study we evaluated the usefulness of measuring PTHa of a cervical mass detected by ultrasound (US) and/or scintigraphy in a series of patients with primary hyperparathyroidism undergoing primary surgical neck exploration.
Materials and methods

Patients
The study was performed on 33 consecutive patients (eight males, 21 females, aged 14-80 years, mean 53 years) with recently diagnosed primary hyperparathyroidism and a suspicious enlarged cervical parathyroid gland detected by US and/or scintigraphy. All patients had hypercalcemia with a mean serum calcium of 11.7 mg/dl (range 10.5-18 mg/dl) and increased levels of intact PTH (mean 222 pg/ml, range 67-1600 pg/ml). Twenty patients (60.6%) had an associated thyroid disease (16 had non-toxic nodular goiter, two papillary thyroid carcinoma, one Hashimoto's thyroiditis and one Graves' disease); all but the patient with Hashimoto's thyroiditis had goiter. All patients were submitted to parathyroid scintigraphy: thalliumtechnetium scintigraphy (n ¼ 16), technetium-sestamibi scintigraphy (n ¼ 13), or both (n ¼ 4).
US-guided fine aspiration of the suspected parathyroid lesion was performed with the free-hand technique, using a 22 gauge needle (Spinal Needle: Terumo, Tokio, Japan). Two passes were performed on each lesion, without previous injection of saline into the mass. The aspirated material (20-50 ml depending upon the degree of blood contamination) was added to plastic vials containing 500 ml PTH-free serum (standard 0 0 of the PTH assay kit), centrifuged at 3000 r.p.m. for 10 min and the supernatant was stored at ¹20 ЊC until assayed. In patients with a typical US image of parathyroid adenoma (ovoidal, hypoechoic, see ref (12) ), the aspiration was performed in the corresponding neck mass. When the US results were equivocal the selection of the mass to be aspirated was based on the scintigraphic results, when positive. In one patient (no. 31) aspiration was performed in a cervical mass of uncertain origin at US, which showed no uptake at scintigraphy.
Patients gave their informed consent to participate in the study, and the protocol was approved by the institutional review committee.
Biochemical assays
Serum calcium was measured by the o-cresolphthalein reaction (Merck, Darmstadt, Germany), and intact PTH by an IRMA (Nichols Institute, San Juan Capistrano, CA, USA). For PTH assay each sample was run in duplicate either undiluted or at 1:10 dilution in the PTH-free serum (standard 0). PTH values above 50 pg in the aspirate were considered to be positive. In order to compare this value with circulating levels of PTH, the dilution factor should be taken into account, which ranged between 10 and 20 times, depending upon the degree of blood contamination. Therefore a 50 pg content in the aspitate corresponds to a concentration of 1000-2000 pg/ml in the original sample before its dilution in PTH-free serum.
Ultrasonography
Sonographic examination was conducted by an experienced radiologist (SM) with high-resolution probes (7.5-10 MHz) mounted on commercially available scanners (AU 530 and AU 590 Asynchronous; Esaote Biomedica, Genova, Italy) (12) . Each patient was placed in the supine position with neck hyperextended and then studied with transverse and longitudinal scans. In same cases the head was kept hyperextended and rotated to the left and right to obtain better visualization of the paraesophageal or paravertebral regions, where the ectopic gland can be located. A short vascular 7.5 MHz linear probe (AL 33 S), with a small skin contact area, was particularly useful in detecting parathyroid glands located in the thymus or upper mediastinum.
Parathyroid scintigraphy
The patient was positioned supine with the neck extended and immobilized. For thallium-technetium scintigraphy, 2 mCi (74 MBq) of 201 thallium (Tl) were injected i.v. and 20 images were acquired by a computerized g camera (400 and 3000; General Electric Medical System, Milwauke, WI, USA). While the patient remained supine, 5 mCi (185 MBq) 99m Tcpertechnectate (Tc) were injected and an additional 20 images were acquired. The final Tl-Tc images were obtained after correction for position, normalization for counting, and progressive subtraction of the Tc image from the Tl image. Image subtraction was carried out using standard General Electric software, without correction for cross-talk between Tl and Tc channels. The resulting images were then interpreted by two experienced nuclear physicians. An image obtained after the subtraction procedure is presumed to represent a parathyroid lesion. Cases with equivocal results were scored as negative.
99m Tc-Sestamibi (MIBI) scintigraphy was carried out by the procedure proposed by Taillefer et al. (13 Tc-MIBI, and anterior planar images of the neck and mediastinum were acquired with a pinhole low-energy collimator 30 min and 3 h after injection of the tracer. A positive result indicative of the presence of an abnormal parathyroid gland was established when focal uptake in the neck or mediastinum could be visualized in the later phase of imaging after the early uptake of tracer by the thyroid.
Statistical analysis x
2 test was used to evaluate the relationships between imaging results and absence or presence of goiter.
Results
Imaging procedures
Twenty-eight (85%) patients had a sonographically suspicious enlarged parathyroid gland; 5 (15%) patients had equivocal results. Four of them had concomitant nodular goiter, and the neck mass discovered at US was believed to be of thyroid origin (Table 1) .
Scintigraphic studies showed a positive result in 10 of 20 (50%) patients evaluated with the 201 Tl99m Tc technique, whereas using the 99m Tc-MIBI technique a positive scan was observed in 13 of 17 (76%) patients (Table 2 ). In the four patients in whom both techniques were performed, the results were concordant in three (two positive and one negative) and discordant in one (no. 26, positive with 99m Tc-MIBI and negative with 201 Tl99m Tc). In goitrous patients, the sensitivity of the 99m Tc-MIBI scintigraphy was significantly higher than that of the 201 Tl99m Tc scintigraphy (positive results 10/12 patients vs 5/11 patients).
When US and scintigraphic results were compared, 16 patients (seven with goiter) had concordant positive results and 17 patients (12 with goiter) discordant results. Of the latter, 12 had positive US and negative scan, four positive scan and equivocal US study; only one patient had an equivocal US result with a negative parathyroid scan (no. 31). There was a statistically significant relationship between the results of US and scintigraphic studies (concordant or discordant) and the absence or presence of goiter ( x 2 ¼ 21, P < 0:0001). In all but one patient (no. 31) the parathyroid adenoma was found at surgery in the location indicated by US and/or scintigraphy.
PTH in the fine-needle aspirate
Results for PTHa are reported in Table 3 . In the 16 patients with concordant positive scintigraphic and echographic results, aspiration was performed to validate the measurement of PTHa as a procedure able to establish the parathyroid origin of the neck mass. In all but one patient, PTHa was detectable and often markedly increased (>1000 pg in 12 patients, ranged between 292 pg and 803 pg in three patients, and 53 pg in one patient). The patient with undetectable PTHa had a small (8 × 8 × 10 mm) lower left parathyroid adenoma close to the inferior border of the left thyroid lobe, and it is conceivable that the negative result was due to erroneous sampling. Table 4 shows the results in the 17 patients with discordant imaging results. As indicated, the PTH assay was clearly able to confirm the parathyroid origin of the neck mass in 13 of 17 (76%) cases. In 11 of them, the US image suggested the parathyroid nature of the mass. In the remaining two patients (nos 6 and 8) with equivocal US results, the parathyroid adenoma was intrathyroidal. PTHa was >500 pg in 11 patients (>1000 pg in eight) and clearly detectable in two (79 pg and 90 pg).
PTHa was undetectable in four cases. One patient (no. 15) had a characteristic parathyroid lesion at US; the concomitant presence of nodular goiter had probably caused erroneous sampling. Three patients had uncertain US results. Two of them had thyroid nodules and a positive scan (nos 21 and 26) in the area where the adenoma was found at surgery. It is conceivable that in these patients a thyroid nodule Patients with equivocal results were scored as negative.
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was aspirated; this hypothesis was confirmed by the finding of high thyroglobulin concentration in the aspirates (data not shown). One patient without goiter (no. 31) had a negative scan; the aspiration was performed in a small lesion which was on the contralateral side to that of the adenoma at surgery. In this case no thyroglobulin was detectable in the aspirate. It is worth noting that four of the five patients with no PTH in the aspirate had nodular goiter, suggesting that the coexistence of thyroid enlargement could increase the likelihood of inadequate or erroneous sampling.
The aspiration procedure was well tolerated. Three patients had transient pain at the site of puncture and one had a minor local hemorrhage at surgery.
Discussion
Patients with primary hyperparathyroidism are often referred for localization studies before surgery, and US and/or parathyroid scintigraphy are usually performed as initial localizing studies, with a good overall diagnostic accuracy (12) . However, the coexistence of a thyroid disease, particularly nodular goiter, may cause false-positive observations (11, 12, 14) . Over the past few years, major efforts have been put into developing new techniques to increase the sensitivity and accuracy of preoperative localization studies. The use of 99m Tc-MIBI has markedly improved scintigrapic results (4), but a few patients with surgically proved primary hyperparathyroidism still have false-negative results, particularly in the presence of thyroid diseases (12) . In the field of US, increased accuracy has been obtained by integrating the gray-scale results with color Doppler study (14) .
Despite this progress, a few patients may still have negative or equivocal results. Fine-needle aspiration for cytologic analysis often provides inadequate specimens, and in some instances the differential diagnosis between a thyroid and parathyroid nodule may be difficult (15) (16) (17) . Measurement of PTH in the aspirate EUROPEAN 
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PTH assay in fine-needle aspirates 75 Table 3 Results of PTH assay according to US and scintigraphy (Scan) results and absence or presence of goiter.
PTH assay US/Scan
Goiter Positive Negative
The PTH assay in the aspirate was considered to be positive when > 50 pg. Values in parentheses are percentages. Table 4 Clinical, biochemical and pathological data in the 17 patients with discordant US and scintigraphic (Scan) results.
Serum PTH PTHa Site of the Size
* þ, presence of goiter; ¹, absence of goiter. † þ, positive; þ=¹, equivocal; UR, upper right; LR, lower right; UL, upper left; LL, lower left. ‡, the values represent the PTH content in the aspirated material; its volume ranged between 20 and 50 ml depending upon blood contamination.
of the suspicious parathyroid lesion to establish the parathyroid nature of the cervical mass has been proposed (9) (10) (11) (17) (18) (19) . Previous studies have clearly shown the feasibility and accuracy of this procedure. Its use has been recommended for the evaluation of patients undergoing surgery after a previous negative neck exploration (10, 18) .
In the present study we have evaluated the usefulness of measuring PTH levels in needle aspirates of 33 patients with primary hyperparathyroidism before surgery. All patients were examined before surgery by neck US and parathyroid scintigraphy. Sixteen showed concordant positive results. We performed needle aspiration of the suspicious parathyroid adenoma in these patients to validate the procedure; in all but one case, measurement of PTH confirmed the parathyroid nature of the neck mass. The false-negative result was obtained in a goitrous patient and was attributed to incorrect positioning of the needle because of the small size of the adenoma.
Seventeen patients (51.5%) had discordant US and scan results. US was able to identify the suspicious (and surgically confirmed) parathyroid adenoma in four of five cases without goiter; all had a negative scan. On the other hand, in the presence of goiter, four of 12 patients had an equivocal cervical mass by US examination and a positive scan. This discrepancy probably resulted from the presence of a thyroid nodule in the area where a positive uptake was observed. In the remaining eight patients, US gave a positive result and scintigraphy a negative one.
Measurement of PTH in the needle aspirate allowed confirmation of the parathyroid nature of the neck mass in 13 of the 17 patients (76.5%) with discordant US and scintigraphic results; three of the four patients with undetectable PTH in the aspirate also had nodular goiter. It is conceivable that, in these three patients, US misinterpreted the cervical lesion that was aspirated (7, 14) ; concentrations of thyroglobulin in the aspirate were high, indicating its thyroid nature. In the latter patient (no. 31) with negative parathyroid scan and equivocal US result, thyroglobulin was undetectable and the parathyroid adenoma was found on the contralateral side of the neck at surgery.
In three patients, PTH contents in the needle aspirates were below 250 pg and similar to that of serum concentrations. In the evaluation of this result it is worth noting that the material obtained by aspiration was diluted at least 10 or 20 times before assay. Therefore clearly detectable PTH in the aspirate, even if it does not exceed the corresponding circulating level, can be considered to indicate the parathyroid nature of the aspirated mass.
Aspiration was well tolerated; only one patient had a small local hemorrhage which did not cause any significant trouble during surgery. One potential problem is related to the spilling or seeding of parathyroid cells along the needle track. Although this might in theory be a limiting factor, no case of recurrence of hyperparathyrodism has been reported in patients submitted to needle aspiration.
In the present study we evaluated only hyperparathyroid patients before a first neck exploration. The need for preoperative imaging studies in these patients remains controversial, and most authors agree that these procedures are unnecessary when the patient will be operated on by an experienced parathyroid surgeon (4). However, some patients are treated by surgeons with only limited experience in this field; in these cases, localization of the abnormal gland before surgery may improve the success rate (4, 5, 20) . Assay of PTH in the aspirate of the suspected lesion may be considered for this, in addition to other methods, such as computed tomography, magnetic resonance imaging and scintigraphy (21, 22) .
However, there is no controversy about the need for preoperative localization studies before re-exploration in patients with persistent or recurrent hyperparathyroidism after surgery (1, 4, 6) . A combination of non-invasive techiques is generally used, and measurement of PTH in the aspirate has been proposed for cases with equivocal results before considering classical invasive techniques such as angiography and selective venous sampling (11) . In this study, assay of PTH in the aspirate showed a sensitivity of 70% and a specificity of 100%. Thus detection of PTH in the aspirate combined with US or CT images should give the exact anatomic location of the abnormal gland before surgery.
In conclusion, PTH assay in needle aspirates is simple and should be useful for establishing the parathyroid nature of a cervical mass. This procedure should be considered for patients with atypical US results (e.g. intrathyroidal nodules, coexistent goiter), and, because of its high specificity, it should be particularly useful for patients referred for re-exploration after unsuccessful parathyroid surgery. We do not recommend its use, or other localization studies, before the first exploratory operation, particularly if an experienced surgeon is available.
